The quality of Pharaoh quail eggs obtained at 8, 13, 18 and 23 weeks of age was evaluated. Eggs laid by the oldest quail were characterized by the greatest weight (12.2 g), length (32.6 mm), width (25.8 mm) and shell surface area (25.3 cm 2 ). The lowest shell weight was found in eggs from the youngest quail (0.9 g), and the lowest shell proportion (8.2%) was characteristic of eggs from the oldest layers. The oldest quail (23 weeks old) produced eggs with the highest weight and albumen index, and the lowest yolk content. In addition, eggs from 23-week-old layers had the highest height of thick albumen (5.0 mm) and yolk (11.1 mm) after breaking open the egg. Layer age had a significant effect on pH of egg albumen and yolk.
INTRODUCTION
Quail are the smallest birds raised for meat and eggs (Panda and Singh, 1990) . Pharaoh meat quail were developed in the United States (Kraszewska-Domańska, 1978 ) through selection of Japanese quail for increased body weight. Pharaoh quail have the highest body weight and lay heaviest eggs of all quail breeds. They are very well suited for broiler production and for raising on hunting grounds (Jabłoński and Gorazdowski, 2004) .
Polish and foreign literature provides little information on the physical composition and quality of eggs from Pharaoh eggs. This is due to the fact that Japanese quail are the breed of choice for egg production.
Research showed that egg quality traits are affected by factors such as genetic structure of the flock (Rajkumar et al., 2009) , nutrition (Güçlü et al., 2008) , bird origin (Lewko and Gornowicz, 2009; Szczebińska et al., 1998) , and living conditions (Calik et al., 2004; Holt et al., 2010) . Egg morphology and quality is also significantly influenced by layer age (Akyurek and Okur, 2009; Esen et al., 2010; Hasan and Okur, 2009; Kokoszyński et al., 2007a Kokoszyński et al., , 2007b Nowaczewski et al., 2010; Silversides and Scott, 2001; Yannakopoulos and Tserveni-Gousi, 1986 ). Yannakopoulos and Tserveni-Gousi (1986) observed that as Japanese quail age, the weight of their eggs and shells increases but shell thickness decreases. In a study with Japanese quail, Nowaczewski et al. (2010) also found a significant effect of bird age on egg quality.
The relationship between egg traits and age in farmed birds has been a subject of research in other poultry species. Silversides and Scott (2001) , who studied hen eggs, found that yolk size increases the most rapidly with age. Akyurek and Okur (2009) reported significant increases in the weight of egg, yolk and albumen as hens became older. Kokoszyński et al. (2007a) showed that as Pekin ducks aged, egg albumen weight, yolk percentage and yolk diameter increased while shell percentage decreased and yolk quality (expressed as yolk index) deteriorated. In pheasants, weight of shell, yolk and albumen as well as yolk and albumen indices were found to increase significantly with age (Esen et al. 2010) .
The aim of the study was to determine the effect of age on physical composition and interior quality of eggs from Pharaoh quail.
MATERIAL AND METHODS
The study was carried out in 2010 at the Faculty of Poultry Breeding of the University of Technology and Life Sciences in Bydgoszcz. The experiment used Pharaoh quail (Coturnix Coturnix pharaon) eggs obtained from the experimental farm in Wierzchucinek near Bydgoszcz. Physical composition and interior quality of the eggs were evaluated at 8, 13, 18 and 23 weeks of age, within 24 h of collection. Thirty eggs were analysed at each evaluation time.
Throughout the study, 35 birds were maintained in confinement under normal environmental conditions, in a box of 1.05 m 2 area. During the egg production period, quail were fed ad libitum commercial feed for laying quail (Golpasz S.A.).
Egg weight was determined to 0.1-g accuracy using a Medicat laboratory balance. Egg length (along the longitudinal axis) and egg width (along the equatorial axis) were measured with an electronic caliper. Egg shape index was calculated as the ratio of egg width to egg length (%). Shell surface area was calculated using the formula of Paganelli et al. (1974) :
where: W= egg weight Shell deformation (μm) was determined using a Marius instrument. After emptying the egg contents onto a glass table, yolk and thick albumen height was measured with a QCD instrument (TSS). Albumen index was calculated as the ratio of thick albumen to its average diameter.
Yolk diameter along the chalazae line was determined with the caliper. The ratio of the yolk height to its diameter constituted the yolk index. Yolk colour was determined with the 15-point scale of La Roche. After the completion of measurements on the egg content the thin albumen, the thick albumen and the yolk were separated and their pH determined with a Matthaüs pH meter.
The eggshell, after the removal of the egg content, was dried, weighed (g) on Medicat scales and measured for thickness (mm) with an electronic micrometer screw. The albumen weight was calculated from the difference between the egg weight, and the yolk and shell weight.
The numeric data gathered was analysed statistically and the mean values ( x ) and coefficients of variation (CV) of the studied traits were calculated. Analysis of variance was performed. Significance of differences between the mean values of the traits was tested with Student's t-test.
RESULTS AND DISCUSSION
The mean weight of eggs (Tab. 1) from Pharaoh quail aged 23 weeks was significantly higher than the weight of eggs obtained from younger layers. The increase in mean egg weight with the age of Japanese quail was also noted by Seker et al. (2004) who compared eggs collected at 10 weeks (10.95 g) and at 20 weeks of age (11.32 g). Yilmaz-Dikmen and Ipek (2006) and Vali et al. (2006) found that the weight of Japanese quail eggs collected at different ages first increased and later decreased. Nowaczewski et al. (2010) , who analysed eggs obtained from 9-, 25-and 31-week-old quail found a significant decrease, which was followed by a nonsignificant increase in weight in older layers. Tabela 1. Masa i wymiary jaj przepiórek faraon w zależności od wieku Egg length and width were the highest on the last measurement date (32.6 and 25.8 mm, respectively). The lowest values of these traits were found in quail at 8 weeks of age (31.3 and 24.4 mm). Similar results for these traits were reported by Kul and Seker (2004) who evaluated eggs from 20-week-old Pharaoh quail (33.4 mm long, 25.0 mm wide). Kokoszyński et al. (2007a) found the length and width of duck eggs to increase during early egg production. Rajkumar et al. (2009) , who studied the effect of naked-neck chicken on the quality of their eggs found the lowest egg length and width on the first evaluation date, and the largest egg length in the final week of the study.
At 8 and 18 weeks of age, Pharaoh quail produced the most elongated eggs (77.9%). The highest egg shape index (79.1%) was found at 23 weeks of age, which showed that the eggs became more oval in shape. Lower egg shape index in Pharaoh quail (76.43%) was obtained by Genchev (2009) for eggs from 13-and 14-week-old birds. A higher value of this trait (80.13%) was observed by Tarasewicz et al. (2004) for eggs from 18-week-old Pharaoh quail. Yannakopoulos and Tserveni-Gousi (1986) found the egg shape index of Japanese quail to decrease between 49 and 154 days of age.
Shell surface area was the largest in eggs collected from quail at 23 weeks of age (25.3 cm 2 ) and the smallest on the first evaluation date (22.5 cm 2 ). Larger shell surface area in Pharaoh quail eggs was obtained by Szczerbińska et al. (1998) Eggs collected from 8-week-old quail were characterized by the lightest shell (0.9 g) (Tab. 2). On the next evaluation dates, the value of this trait was identical and significantly higher (1.0 g). The smallest shell weight (0.84 g) from Japanese quail eggs was obtained by Kul and Seker (2004) , and higher shell weight (1.13-1.17 g) by Tarasewicz et al. (2006) . Yilmaz-Dikmen and Ipek (2006) reported that eggshell weight in quail increased gradually with age. Dańczak et al. (1997) found the weight of eggshell from old birds to decrease, but the difference was not significant.
Eggshell percentage varied between 8.2 and 9.5%. Other studies on the quality of Pharaoh quail eggs showed higher values of this trait (Tarasewicz et al., 2004 (Tarasewicz et al., , 2006 . The gradual decrease in shell percentage with layer age was also reported for duck eggs (Kokoszyński et al. 2007a ).
Eggshell thickness decreased with the age of the birds from 0.226 to 0.208 mm. Yannakopoulos and Tserveni-Gousi (1986) found eggshell thickness of quail eggs to decrease between 49 and 154 days of age. On the other hand, Dańczak et al. (1997) showed that the eggs from older quail have thicker shells, increasing non-significantly from 206.2 to 216.0 μm. (2006) found the smallest albumen weight in the eggs collected on the first evaluation date (6.97 g), and the highest on the last evaluation date (7.25 g).
Tabela 3. Cechy treści jaj przepiórek faraon w zależności od wieku The lowest and highest albumen percentage was found in the eggs from 18-and 23-week-old quail, respectively (Tab. 3) Szczerbińska et al. (1998) reported the lowest egg albumen percentage in 13-week-old Pharaoh quail (58.55%). In a study with eggs from ISA-White and ISA-Brown commercial hybrids, the highest egg albumen percentage was found on the first date, and the lowest on the last evaluation date (Silversides and Scott, 2001 ).
Yolk weight ranged from 2.8 to 3.3 g and increased as quail became older. Yannakopoulos and Tserveni-Gousia (1986) showed egg yolk weight in Japanese quail to increase with layer age. In pheasants, Esen et al. (2010) obtained greater yolk weight in the eggs of older birds.
The proportion of egg yolk in quail increased to 18 weeks of age and then decreased significantly. The proportion of yolk in the eggs of 18-week-old Pharaoh quail investigated by Tarasewicz et al. (2004) was 30.19%. Nowaczewski et al. (2010) , who studied eggs from 9-, 25-and 31-week-old Japanese quail, initially found a significant decrease in yolk egg percentage (29.75%), followed by an increased value of this trait (30.88%).
The height of thick albumen decreased to 18 weeks of age, but increased significantly on the last evaluation date, which was also associated with greater egg weight. Higher thickness of thick albumen (5.06 mm) in Pharaoh quail was obtained by Genchev (2009) for the eggs from birds aged 13 and 14 weeks. Dańczak et al. (1997) found thick albumen height in quail eggs to increase with age.
Thick albumen index achieved the highest value on the last evaluation date (0.13), and the lowest value during the evaluation of eggs from 13-and 18-week-old quail (0.09). Contrary results concerning albumen index were reported for pheasant eggs evaluated in three successive years of egg production (Esen et al. 2010 ).
Yolk height ranged from 9.8 mm to 11.1 mm and increased as quail became older. Smaller yolk height (9.39 mm) after breaking open the eggs obtained from 20-weekold Japanese quail was reported by Kul and Seker (2004) .
Yolk diameter was the lowest in the eggs from the youngest (8-week-old) quail (23.1 mm). The largest yolk diameter was found in the eggs laid by 13-week-old birds (24.4 mm). In a study by Yilmaz-Dikmen and Ipek (2006) with eggs from 9-, 14-and 20-week-old Japanese quail, yolk diameter was the largest on the second evaluation date (22.08 mm) and the lowest on the first (20.55 mm).
Yolk index was the highest on the last evaluation date (47.0%) and the lowest when quail were 13 weeks old (40.6%). Similar results were obtained by Nagarajan et al. (1991) , who found egg yolk index to be higher in birds aged 18, 22 and 26 weeks compared to 10-week-old birds. Nowaczewski et al. (2010) showed the quail egg yolk index to decrease with age from 49.18% to 47.67%. The decrease in the yolk index of eggs obtained from older birds was also found when analysing the eggs obtained from other species of poultry such as turkeys (Hristiakieva et al., 2009 ) and laying hens (Akyurek and Okur, 2009 ).
Yolk colour intensity increased to 18 weeks, following which it decreased significantly. Nagarajan et al. (1991) found yolk colour intensity in Japanese quail eggs to increase with age. Also in the eggs from Pekin ducks, more intensive yolk colour was observed in older birds (Kokoszyński et al. 2007a ).
Quail eggs collected at 8 weeks of age were characterized by the highest pH of thin albumen (Tab. 4), with the lowest values found on the second and on the last evaluation date (9.0). Analysis of thick albumen revealed that its pH at 8, 13 and 18 weeks was similar (9.1) except 23 weeks when it was lower (9.0). An earlier study (Tarasewicz et al. 2005 ) with eggs from 12-week-old Pharaoh quail found lower pH of albumen. A study by Lapâo et al. (1999) on hen eggs showed significantly higher values of albumen pH in the eggs of older birds (an increase from 8.08 to 8.30).
Tabela 4. Odczyn treści jaj przepiórek faraon w zależności od wieku Yolk pH on the first and last evaluation date was identical (6.2), and the same situation occurred at 13 and 18 weeks (6.3). Lower pH of yolk was found in a study by Tarasewicz et al. (2005) with Pharaoh quail eggs collected at 12 weeks of age. Okruszek et al. (2006) , who evaluated the effect of duck age on egg quality showed significantly lower pH of yolk from the eggs of older birds.
CONCLUSIONS
The eggs collected from 23-week-old Pharaoh quail were characterized by the greatest weight, length, width and shell area, and the highest egg shape index. The eggs from 8-week-old (youngest) quail were characterized by the lowest shell weight and shell deformation. The oldest quail produced eggs with the highest weight of albumen and yolk, which after breaking open had the highest height. The eggs collected from 8-week-old layers had the most alkaline pH of thin albumen. The pH of thick albumen was the same on the first three evaluation dates and significantly lowers at 23 weeks. The yolk of eggs from 8-and 23-week-old quail was characterized by significantly higher acidity.
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